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Multilayer White Light-Emitting Organic 
Electroluminescent Device 

JunJI Kido, Masato Kimura, Katsutoshl Nagai 

consist entirely of organic materials^ Here, me nnlflntet h!n films Is rBported- 
elecbolumlnesc^t device m«te ^^^^^^^^..^Iv^m^ 
In this device, three emftter layers with dtferent °^^Bi^rrt White light over 2OD0 
blue, green, or red light, ere used tc ' 8^*e whte » B JJ^J^JJi««>^ 
candeto p B r square meter, nwarty as b nght « ^«a«ntTOJ fm > & 

tho emitters with mlcropscttemed color mers. 



ElecrolirniirAesccnt (EL) deview based on 
orgauic chin layers ate otlc ot die rnosc 
promising next-generation fl& panel dis- 
play syscems- These devices can be made 
into large-area, extremely thin full color 
displays that can be operated by bacceries. 
The structure of th* devices is simple, hav- 
ing organic thin layers saudwiched between 
cwo electrodes. Because organic layers cao 
be formed by vacuum evaporation or solu- 
tion casting, die fabrication cost could be 
leas than that of the liquid crystal dicplftya* 
which are today the most widely used flat 
panel displays. 

In organic EL devices, the generation 
of Ughc is the consequence of the recom- 
' bination of holes and elections injected 
from the electrodes. Such carrier recombi- 
nation in the organic esuctnr layer excites 
the emitting centers. In a chemical sense, 
the reaction of radical cations (holes) and 
radical anions (electrons) provides excLted 



^ortmBfi <rf Materials Scarce and HJgnee^ 
^SS^UnJ«^' Ycr^Bwa^Brnaoaw 992. Japan. 
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molecules that emit light as one of the 
decay processes. A variety of materials 
have been investigated as acdve materials 
(1-9), and a number of device structures 
(10-22) have been proposed because* it is 
important to find an appropriate device 
structure to maximize the carrier recombi- 
nation efficiency- 

The use of multilayer statures was first 
demonstrated by Tang and VanSlyke (1), 
They used a hole-aanspott layer fox hole 
Injection from the electrode into die ^elec- 
TOnrtransporting emitter layer, which sig- 
nificantly improved the EL efBciency to 1.5 
Irn/W. Bright eleoTJolutnlnescencc of over 
1000 cd/m*. which is high enough far prac- 
tical applications, with a voltage below 10 
V ^achieved fUw. Their device consisted 
of two active layers with an organic hole, 
transport layer and an electron-transpomng 
luminescent metal complex layer- The 
hole-transport layer plays an iroportant role 
not only In transporting holes but also In 
blocking electrons, thus preventing elec- 
trons from moving into the opposite eiec- 

SC1ENCB • VOL.267 - 3 MAKCfci 1995 



node without recombining with holes. The 
recombination, therefore, mainly cakes 
place in the emitter layer. Since this first 
device, various types of EL devices with a 
multilayer structure have been reported, For 
Instance, a hurunescent hole -transporting 
material can also be an emitter layer when 
combined with an appropriate electron- 
transport layer (4, 9, 13)- 

In the above examples* various emitting 
colors have been obtained, including the 
three primary colors of Hue, green, and red, 
However, there are few white light-emit- 
ting devices owing to the lack of the organ- 
ic fluorescent dyes with white fluorescence. 
We have therefore focused on developing 
white light-emitting EL devices and have 
recendy developed one made from a poly- 
mer emitter Uyer doped with diree kinds of 
fluorescence dyes, each emitting blue, 
green, or red to produce white light {Uh 

In this study, we developed a device 
structure with three emitter layers, cacti 
eroitting in the different region of the visi- 
ble spectrum to generate white light, in 
general, organic EL device* are composed or 
two organic layers, each transporting eLtner 
holes or elections. In such a device, one ot 
the two layers functions as an emitter layer 
and the other as a carrier transport laye*. 
Therefore, the emission color '^eterrn^d 
by rhe fluorescence properties 
rnateM and the light is of the particular 
color of the emitting matenal. 

One way to add another emission color 
to such a device is to dope the emitter layer 
with a fluorescent dye of o dufeeat color. 
For example, it was derr.r^r^ced that, ^ 
device with an ciecrron-tratisponmg ^cen- 
emitting aluminum ^^^ t 
holc-eranspoxt layer, when the ^ aic ^ 
to pardv doped with a red-emitting Baores- 
dye, the resulting ^cotn^ 

„. of the l^^'^J^fig. 
materials, thus producing yellow ligr* W 
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in this ca^ the dopant Is excited by the 
^ergy transfer torn live hose aluminum 
cKelace or the direct recombination at rhe 
dopant site resulting from carrier crapping, 

or both- ^ t 

Another way to alter color is to control 
the carrier recombination tone so that the 
recombination takes place in two different 
layer* In rhis case, the lights from the two 
layers aw combined to produce the mixed 
color. Wc have recently reported the spatial 
control of the recombination zone by the 
itvsemon of a hole-blocking layer between 
* an electron-transport layer and a hole- 
tranfipoit layer ( 16). We showed ^ 1,2,4- 
niazok: derivative Is suitable for the hole- 
blockine layer and that by ms«rting a thin 
layer of trlazole, carrier recombination .can 
occur both in an eUctron- transport layer 
and a hole-transport layer, thus generating 
light in both layers. 

With these two methods, it Is expected 
that in & device with a hole- transport layer, 
an clecrron-transport layer, and a doped 
layer, all three can be emitter layers when 
an appropriate thickness of a hole-blocking 
layer is inserted between the bole 5 transport 
layer and the ckcaon-traraport layer. 
Thus, using three emitter layers, generating 
blue, green, and red light, respectively, we 
expect white light as a mixture of these 
three primary colors. 

Figure 1 shows the materials used in 
this study, A hok-tranaportlng rxiphcnyl- 
diarolne derivative (TPD) has emission 
peaks at around 410 to 420 tim, the blue 
region of the visible spectrum- A hole- 
blocking l»2,4-triaaole derivative (f>-Et- 
TAZ) has an emission at around 380 nm 
that transports electrons and effectively 



bloclu holca. An electron-transporting 
sLumtnum complex (Alq) has an emission 
at 520 nm (green), and Nile Red, which 
has an emission peak at 600 nm 
vied as a dopant, lndium-rin oxide UT<J ) 
and a magnesium-silver alloy were used as 
a hole-injecting contact and an electron- 
injecting contact, respectively. 

In the two-layer sty^™ composed ot an 
elecn^^cranspoa layer and a hole-trane- 
porc layer, only one of the two layers works 
as the emitter layer. Figure 2, spectra A and 
B\ iilustiate EL spectra, of two of suchde- 
vice* rrO/TPD (500 AVAlq (500 A)/Mgi 
£ and ITO/TPD (500 A)/p-EtTAZ (500 
A)/M# Ag. From the device with TFD/Alq, 
green light originating from Alq is ob- 
served, indicating that excitons arc gener- 
ated in the Alq layer and the TPD func- 
tions only as a hDle-trar^ort^yCT. 
nast, In the device with TPD/^EtTAZ. 
purplish blue Light from the TPD layer is 
observed, indicating that JkEtTAZ has an 
eLectrorv^ranspOrdng tendency and blocks 
' holes. Thus, carrier recombination takes 
place in the TPD layet and consequently 
excites TPD. Because the excitation energy 
level of p-EtTAZ (emission wavelength, 
-390 nm) is higher than that of TPD, the 
excited energy te not transferred from TPD 
to p-EtTAZ at the interface. These results 
demonstrate that both Alq and /TPD can 
function as an emitter when combined with 
an appropriate carrier transport layer. 

In devices having three layers* a thin 
lavet of hole-blocking fr-Et-TAZ Is mserted 
between TPD and Alq. A device wijh 30A 
of p-EtTA2 yields emission mostly torn 
TPD (Fig- 2, spectrum C), irnplyu^ thatthe 
recombination zone is mostly in the TPD 



layer, whereas a device with a thinner (30 
A) fvBtTAZ layer (Fig. 2, spectrurn D) 
exhibits emission from both the TPD and 
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Fig. fi. Bectrolurninascenos spectra tor jspec- 
trum A) ITQ/TPD (500 A)/p-BTAZ [500 AJ/Mg; 
Ag, (spectrum 5) ITO/TPD (500 fyfita (500 Ay 
MgiAg. (spectrum C) ITO/TPD (400 Ayp-EtTAZ 
(50 A)/AJq (500 AyMg--Aq , (spectrum O) ITO/TPD 
(400 ftVp-etTAZ (30 AJ/AlQ (500 AyMgiAg, 
^cmTrrTl) rrO/TPD (400 AyAlq (50 AyNile 
RKpadO mol%)Alq(50 AyAk,(40oAyMg: 
Aa and (spectrum F) rTO/TPD (400 Ayp-EtTAZ 
(30 AyAlq (50 AVNite Red-doped (1 rnol %) Alq 
(50 AyAlq (4O0AyMg^g calls. These B- epectra 
were normalitad and offset for clarity. All the EL 
spectra were taken at a current density of 40 
mA/cm* with an optical mutticharnel anatyzer 
(HamamatSUPMAlO) 




*nce of 15 ohm per square at 10- torr. ^^ < ^^^f^T^ 
rnignaslLim and silver (10:1). which was y/acuum^epositeci from separate sources. 
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Fig. 3. A photograph of a w ^"^ 



Ayp~BTAZ po AyAlq (so ^ 

mol W Alq (50 m 



„*, WJ ~h ^ ^Alq^O AVMgtAg cell- T>* 
arrifttinfl araa Is 0-5 cm by 0*5 cm- 
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the Alq Layers. These data indicate that 
holes can penetrate to come extent when 
the thickness of the p-EcTAZ layer ia 30 A, 
and die recombination zone locates both in 
the TPD and Alq layers. Thus, the recom- 
bination zone can be spatially controlled by 
adjusting the thickness of the p-EtTAZ lay- 
er, and emission from both the hole-trans- 
port layer (purplish blue) and the electron- 
cranspoTE layer (green) can be obtained 
with this device structure. These results ate 
similar to the results obtained with another 
kind of a triable derivative (16). 

Because the device with a p-EcTAZ layer 
30 A rhick provides bluish green light, the 
additLon of red light should make the out- 
put white- To do so, wc used the modula- 
tion doping technique developed by Tang et 
d. (12), in which che Alq layer U doped 
with Nile Red. Because rhe emissions from 
both Alq and Nile Red are necessary, a 
doped zone 50 A thick is formed 50 A away 
from the interface between the TPD and 
Alq layers. Thus, the excitons generated in 
the Alq layer near the interface between 
TPD and Alq diffuse to the d oped layer, 
exciting the dopants. A TPD/Alq device 
designed in this manner displays emission 
from both Alq at 520 nm (green) and Nile 
Red at 600 nm (red), providing yellow light 
(Fig- 2. sf^trum E). In this case, the do- 
pant molecules are excited by rhe energy 
transfer from the hose Alq -or by direct 
excitation by carrier recombination at rhe 
dopant sites, or both. 

Combining the spatial control of the 
• recombination 2one and the modulation 
doping technique, we attempted the gener- 
ation of white light- The device structure Is 
ITO/TPD (400 A)^EtTAZ (30 A)A\\q 
(50 A)/Nile Red-doped { 1 mol %) Alq (50 
A)/Aiq (400 A)/Mg:Ag (Fig. 1). Upon rhe 
application of dc voltage at ITO positive, 
while light is obaerved from the device 



through the glass substrate (Fig, 3). The EL 
spectrum (Fig. 2, spectrum F) covers a wide 
range of the visible region, and three peaks 
at 410, 520, and 600 nm are seen, corre- 
sponding to emission from TPD, Alq, and 
Nile Red, respectively. In Fig. 4, lumi- 
nance-voltage and current-voltage charac- 
teristics ate given. Luminescence starts at a 
low voltage, such as 6 V, and a maximum 
luminance of 2200 cd/m 2 is achieved at 16 
V. In comparison, rhe luminance of a cath- 
ode ray tube monitor is about 100 cd/ro . A 
reasonably high luminous efficiency of 0.5 
Im/W is obtained at 12 V. At this drive 
voltage, the luminance is about 300 cd/m . 
Optimization of che device structure and 
The use of more suitable materials should 
provide higher efficiencies, as well as lumi- 
nance that may exceed 8000 cd/ro\ the 
luminance -of common fluorescent lamps. 

Wt have not measured the lifetime of 
the device yet; but in general, the stability 
of organic EL devices have been improving 
these days. Ten thousand hours of contin- 
uous operation has been reported (-22). Be- 
cause organic materials have flexibility in 
material design, an unlimited number of 
organic materials can be synthesized for the. 
EL application, which Is one of their major 
advantages over inorganic materials. Thus, 
the possibility of developing organic EL d\> 
vices having practical durtbiliry is quite 
high. 
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A Structure Model and Growth Mechanism for 
Multishell Carbon Nanotubes 

S Amelinckx,* D. Bernaerts, X. B, Zhang, G. Van Tendeloo, 

J. Van Landuyt 

a twrt orwtiilatas a mixture of scroll-shaped and concentric, cylindrical graphane 

formation of afullerene "dome." 
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BIhb vollage (V) 

Rg. 4- LxjmlnancQ-voltaga (circles) and current- 
voltage (triangles) Dharaoterlstios of e white flgtt- 
errAtlng EL devioa. Luminance was rneasured at 
room temperature wtth a Mlrolta Lfi-100 rumi- 
narvce meter, 
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lijlma (I) found that nanometer-thin, ml- 
croirteter4ong tubes* consisting of concen- 
tric, cylindrical graphene sheets are formed 
as a by-product of the arc-discharge synthesis 
of fuUerenes (2). These tubes have a chiral 



Aot*erp <RUCA). ^■nartbonaertaan 171, &202O Ant- 
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character ( J ) thac can determine their £lcc* 
rronic properties (3). -Electron difTracuon 
studies showed that manY multlshcet tubuits 
contain achfcral as wtU as chiral tubes (4.^- 
A tnultilaycr tubule may cxhibic scv^ 
chiral angles, their number being very otcen 
1/2 to 1/5 the number of sheets, suggest^ 
chat the sheets occur in dusters wi*"^ 
same chirality. It -was proposed (4, 5) 
the chirality is a means of aocomniodatins 
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